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(54) MANUFACTURE OF POWER CONVERTER 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To obtain a converter configuration optimized in 
accordance with functional requirements and physical requirements when a 
preconfigured converter model is offered. 

SOLUTION: A converter generator 136 is a rule-based system, which references a 
database of all power converter components and generates an optimum 
configuration that meets requirements. At this time any configuration that does not 
meet specified restrictions on design, for example, a configuration wherein the 
maximum rated power of the individual components, is discarded. Selection is made 
using design criteria, including conversion factor, fault tolerance, cost and lead time, 
and with weight defined by the user. When a configuration has been selected, the 
converter generator creates a bill of materiaJs{BOM), assigns part numbers, and 
settles the cost and date of delivery. Based on the information the user inputs part 
numbers and quantities. This information is used again in a material requirements 
planning(MRP) system or an automatic sales ordering planning system(AOSS). 
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P&TBNT 

ATTORMSy DOCKET NO: JPl 
CONFIGURI NG POWER CO NVERTE RS 

Backgr ound 

5 Tliis invention relates to configuring power 

converter's - 

'lypically, a series of predetermined power 
czanv&ictL&i? configurations are supplied by power converter 
manufacturers* Several manufacturers, for example, Vicor 

10 Corporation" , provide an automatic selection system which 
co rapci re a user specified power converter functional 
requirements (e.g., input and output voltage and output 
power) and. physical requirements (e.g. r number of pins 
and package size) to the functionality ottered oy a 

15 variety of preconf igured models (e.g. y a power converter 
Configuration' is a predefined combination of component 
parts which results in a converter which meers a 
predefined set of functional and physical requirements) 
of converters and selects a preconf igured model, or 

20 combination of preconf igured models, that meet the user's 
needs. Xf the user's needs cannon Oe met t the user is 
informed and requested to change his requirements. 

If a customer needs a power converter with 
particular requirements that, cannot be met by a 

25 preconf igured model within the manufacturer ' s product 
line, then a power converter designer, using* basic 
aquations and experience^ may be as Iced to design a power 
converter configuration that, reeets the customer r s needs , 
Xn general, a particular set of functional and physical 

JO requirements it*ay he m&t. with many different power 

converter cenf igurations. As s result, two designers 
with the same customer information may come up with, 
different power converter configurations. Designers 
generally use rules of thumb and experience to try to 

35 achieve good overall performance (e*g* , high conversion 
efficiency) , However, due to time and resource 
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constraints, a designer can only try a limited number of 
different configurations . 

General Electric Corporation* has offered 
prepackaged modular building blocks for configuring 
5 switching power supplies. Each building bloc* (e.g. f 

rectifier block, switch block, output filter block) forms 
a portion of a switching power supply and each is 
available in various voltage and current ratings to allow 
configuring supplies of varying input voltage, output 
10 voltage, and power ratings- A microcomputer-based 
software package aids the user in selecting those 
building blocks which, when connected together, will 
result in a power supply which meets the user's 
functional requirements. The software selects those pre- 
15 defined blocks which will result in a certain combination 
of input voltage, output voltage, and power level. 

There is a large body of literature regarding 
mathematical methods for optimizing active or passive 
circuit performance. In general, these methods rely on 
20 having objective sets of functions which describe the 
circuit, or suitably accurate models, and then using 
mathematical minimization and maximisation methods (e,g. , 
least-squares, gradient-projection, steepest descent) to 
find a single, theoretically optimal, solution which 
25 achieves some circuit performance objective, or 

objectives, subject to constraints. In some cases, the 
optimization method is linked with a circuit simulator, 
such as SPICE. See, for example, Lu and Adachi, "A 
Parameter Optimisation Method for Electronic Circuit 
30 Design Using Stochastic Model Function," Electronics and 
Communications in dapan, Part 3, Vol- 75, No. 4, 193 2, 
pp. 13-23? Nye, et al, "DELIGHT , SPICE : An 
Optimisation-Based System for the Design of Integrated 
Circuits, 5 ' ISEE Transactions on Computer -Aided Design, 
35 Vol. 7, No. 4 r April 1983, pp. 501-519; Ivanov, et al, 
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" computer-Aided Optimisation of the Parameters of 
Electronic Circuits," Telecommunications and Radio 
Engineering, Part 2 (Radio Engineering) , Vol. 26, No- 11, 
Nov, 1971, pp. 124-123. 
5 Linear Technology Corporation , Kilpitas , CA, USA, 

offers a software based power supply design program 
called SvitcherCAD; National Semiconductor Corporation, 
Santa Clara, CA, USA, offers a software based power 
supply design program called Simple Switcher. Both 

10 programs accept a set of predefined functional 

specifications and generate parts lists and schematics 
for a power supply which meets the specifications. Both 
can produce designs for different topologies (e.g., 
isolated flyback, non-isolated PWM buck) . The user of the 

is programs can modify component values and other design 

parameters and observe the effects on performance , e.g., 
conversion efficiency. Both programs use pre-defined 
equations for generating a solution. 

Sum ma ry 

20 In general, in one aspect, the invention features 

a method for use in determining a power converter 
configuration including receiving power converter 
operating characteristic information, and. in a computer, 
determining alternative power converter configurations 

25 that are consistent with the operating characteristic 

information. The method also includes f in the computer , 
selecting one of the alternative power converter 
configurations that tends to have optimal efficiency. 

Implementations of the invention may include one 

30 or more of the following features- Efficiency may he 
measured as power converter heat loss . 

In general, in another aspect, the invention 
features a method for use in determining a power 
converter configuration including receiving power 

35 converter operating characteristic information,, receiving 
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optimization criteria, and r in a computer, determining 
alternative power converter configurations that are 
consistent with the operating characteristic information 
and selecting one of the alternative power converter 

5 configurations that tends to be optimal with respect to 
the optimisation criteria. 

Implementations of the invention may include one 
or more of the following features. Determining 
alternative power converter configurations may include 

10 calculating a combined heat loss for each alternative 

power converter configuration, and wherein selecting one 
of the power converter configurations may include 
selecting a configuration having the least: combined heat 
loss. Determining alternative power converter 

X5 configurations may further include evaluating the 
component Interrelations for each alternative power 
converter configuration and/or determining performance 
metrics for each alternative power converter 
configuration based on a predetermined set of performance 

20 criteria. The performance criteria and the optimization 

criteria may be the same. 

The method may further include storing the 
determined performance metrics, and/ or accessing the 
stored determined performance metrics. Determining 

25 alternative power converter configurations may also 

include eliminating power converter configurations that 
are inconsistent with a predetermined design constraint, 
and the predetermined design constraint may be a power 
dissipation threshold. Determining alternative power 

30 converter configurations may include eliminating power 
converter configurations that are inconsistent with the 
received power converter operating characteristic 
information- 
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The optimization criteria may include efficiency, 
reliability, lead time, conducted noise, or cost, and the 
optimization criteria may include at least two criteria. 
In general, in another aspect, the invention 
5 features a method for use in determining a power 

converter configuration including determining alternative 
power converter configurations that are consistent wit:h 
operating characteristic information, calculating a 
combined heat loss for each of the alternative power 
10 converter configurations, and selecting one of the 

alternative power converter configurations that tends to 
minimize the combined heat loss. 

Implementations of the invention may include one 
or more of the following features. The method may 
is further include receiving the operating characteristic 
information from a user. 

In general, in another aspect, the invention 
features a method for use in determining a power 
converter configuration including receiving power 
20 converter operating characteristic information, receiving 
selection criteria, and, in a computer, determining 
alternative power converter configurations that are 
consistent with the operating characteristic information 
and selecting one of the alternative power converter 
25 configurations in response to the selection criteria. 

Implementations of the invention may include one 
or more of the following features. Determining 
alternative power converter configurations may include 
selecting power converter components from an inventory of 
30 available components having a range of parameter values, 
and the range may comprise two parameter values. The 
power converter components may include a number of 
primary turns on a transformer and/or a number of 
secondary turns on a transformer. The power converter 
3 5 components may include a resonant capacitor, a 
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transformer having a core shield pattern, output 
rectifiers, output filter components, input filter 
components, main switches, drive transformers, and/ or 
reset circuit components. The selection criteria may 
5 include efficiency, reliability, lead time, conducted 
noise, or cost, and the method may further include 
receiving another selection criteria, wherein the power 
converter configuration is selected in accordance with 
both selection criteria. 
10 Determining alternative power converter 

configurations may include determining performance 
metrics for each alternative power converter 
configuration based on a predetermined set of performance 
criteria, and the performance criteria and the selection 
is criteria may be the same. The method may further include 
storing the determined performance metrics and accessing 
the stored determined performance metrics. The method 
may also include generating a bill of materials for the 
selected one of the alternative power converter 
20 configurations, determining power converter 

configurations that are consistent with previously 
received operating characteristic information and are 
functionally fully backwards compatible with power 
converters delivered earlier in time, and/or providing a 
25 user interface to the computer, wherein the operating 
characteristic information is received through the user 
interface. The user may be a customer or a power 

converter designer. 

In general, in another aspect, the invention 

30 features a method of supplying a power converter 
including receiving, at a first party, operating 
characteristic information about a power converter from a 
second party, and, in a computer, determining a power 
converter configuration that is consistent with the 

35 operating characteristic information and tends to 
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optimize the power converter based, en optimization 
criteria and providing specifications for the determined 
power converter configuration. 

Implementations of the invention may include one 
5 or more of the following features. The method may 
further include receiving, at the first party, the 
optimization criteria from the second party or generating 
a bxll of materials for the determined power converter 
configuration. The method may also include sending 
IO electronically the bill of materials to a computer 

integrated manufacturing line and building the determined 
power converter configuration at a computer integrated 
manufacturing facility. The method may include providing 
the specifications for the determined power converter 
is configuration to the second party, and the specifications 
may include availability information and/ or cost for the 
determined power converter configuration. 

The computer may be at a site local to the first 
party and wherein receiving, at the first party, 
20 operating characteristic information about: a power 

converter from the second party may include accessing a 
user interface of the computer from a site at the second 
party that is remote to the site local to the first 
party * 

25 In general, in another aspect, the invention 

features a system for use in determining a power 
converter configuration including a program for 
determining a power converter configuration that is 
consistent with operating characteristics and tends to 

30 optimize the power converter configuration based on 

optimization criteria, and a user interface, coupled to 
the program, that receives the power converter operating 
characteristics * 

Implementations of the invention may include one 

35 or more of the following features. The user interface 
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xaay also receive the optimization criteria. The system 
may also include a computer for executing the prograna. 

In general, in another aspect, the invention 
features a method for use in determining a power 
converter configuration including receiving, at- a first 
party, functional operating characteristic information 
about a. power converter and optimization criteria from a 
second party, and, in a computer, accessing a power 
converter generator that determines power converter 
configurations that meet the functional operating 
characteristic information and which determines and 
stores information about each configuration with respect 
to the optimization criteria. The method also includes 
in che computer selecting one of the determined power 
converter configurations that tends to optimise the power 
converter configuration based on the optimization 
criteria , providing specifications for the selected power 
converter configuration to the second party, receiving, 
at the first party, approval of the selected power 
converter configuration from the second party, and 
delivering fabrication information for the selected power 
converter configuration to a manufacturing facility. 

Implementations of the invention may include one 
or more of the following features. The method may also 
include initiating an electrical connection between the 
first party and the s^<zon6. party, and sending the 
operating characteristic information and the optimisation 
criteria from the second party to the first party via the 
electrical connection. The method may include building a 
power converter from the fabrication information, and 
shipping the power converter to the second party. Before 
receiving approval, the method may further include 
receiving, at the first party, different operating 
characteristic information from the second party, and, in 
the computer, determining another power converter 
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configuration that is consistent with the different 
operating characteristic information and tends to 
optimize the another power converter configuration's 
based on the optimization criteria and providing the 
5 specifications for the determined another power converter 
configuration to the second party. Before receiving 
approval, the method may also include receiving, at the 
first party f different optimisation criteria from, the 
second party,, and, in the computer, determining another 

io power converter configuration that is consistent with the 
operating characteristic information and tends to 
optimize the another power converter configuration based 
on the different optimization criteria, and providing the 
specifications for the determined another power converter 

15 configuration to the second party. 

Advantages of the invention may include one or 
more of the following. After a user specifies functional 
and physical requirements (e.g,, input and output voltage 
ratings; power level) and selection criteria (e.g., 

20 efficiency, reliability, and cost), a power converter 

design and bill of materials (BOM) generator ( "converter 
generator"} provides the user with a power converter 
configuration that meets the user's needs and is 
optimized with respect to the specified selection 

25 criteria. The converter generator consistently provides 
the user with, an optimal power converter configuration by 
generating power converter configurations that meet 
particular design constraints and component availability 
limits and by selecting the configuration that is optimal 

3G with respect to the user specified selection criteria. 

The user may interactively receive configuration feedback 
information by specifying new selection criteria and/or 
functional and physical requirements and analyzing the 
new optimal configuration provided by the converter 

35 generator. The performance metrics calculated for each 
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configuration generated by the converter generator, with 
respect to several different design criteria, such as 
efficiency or conducted noise levels, can be made 
available for use in other applications. The converter 
5 generator provides the user with power converter 

configurations in "real-time" , and. through access to 
component availability and manufacturing scheduling data, 
the converter generator provides the user with accurate 
configuration availability dates (i.e., rime to ship). 
10 An existing customer may place several orders for 

a given power converter part number over a period of 
time. During this time period the converter generator may 
change, either to provide improved performance or due to 
modifications in the complement of parts from which 
is converters may be configured. By storing appropriate 
information about the operating characteristics of the 
converter first configured for the customer, the 
converter generator is able to consistently deliver units 
which are backward compatible with units delivered 

20 earlier in time. 

After receiving a user's approval of a particular 
optimized power converter configuration, a bill of 
materials (BOM) is automatically generated. The BOM is 
then electronically sent to a computer integrated 
25 manufacturing (CM) site where it is used to select a 
manufacturing line and control the building of the 
approved power converter configuration. 

Other advantages and features will become apparent 
from the following description, and from the claims. 
3G Description 

Figs. 1 and 2 are a perspective exploded view and 
a block diagram, respectively, of a power converter- 

Figs, 3a - 3C are block diagrams of a power 
converter manufacturing line. 
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Fig. 4 is a block diagram of a computer integrated 
ng system* 

Figs. 5 and 6 are computer screen displays* 

Fig- 7 is a flow chart snowing the operation of 
the converter design and BOM generator of Fig. 4. 

Fig. 8 is a circuit diagram of the power converter 
of Figs- 1 and 2* 

Figs* 9a-9d are a flow chart of the operation of 
the converter design and BOM generator of Fig, 4* 

Figs. iQa-lGb are portions of a matrix of possible 
power converter configurations. 

Fig. 11 is a schematic diagram of a pulse-width- 
modulated forward converter. 

Po wer Co nverte r D esign 

An exploded view of a modular DC-DC power 
converter is shown in Figure l. Converters of this type, 
which typically provide a single output voltage in a 
relatively small, high density package, are frequently 
applied in both 'distributed power' applications and, in 
combination with other converters of similar construction 
and: other accessory products and components, to create 
app 1 icat ion-spec if ic custom! z ed centralis ed power 
systems. This 'power component r approach to power system 
design offers great flexibility, fast t ime^to-market and 
economy , 

In general r there are many DC-DC converter circuit 
configurations ( e - g * , combinations of component parts) 
which will meet some predefined set of functional 
specifications (a*g^, deliver a predefined amount of 
output power (e.g., 3 00 Watts) at a predefined output 
voltage (e.g., 5 Volts) while operating over a predefined 
range of input voltage {e.g., from ISO VDC to 400 VDC) ) , 
Each different configuration, however,, will differ with 
respect to certain performance metrics, such as 
conversion efficiency, cost and reliability. An engineer 
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engaged in designing a converter will typically use some 
combination of knowledge, experience and analysis to try 
to find an initial solution which meets the predefined 
set of functional requirements. On the basis of tests or 
5 simulations the initial design might be iterated a few 
times until it is deemed to be ' good enough,' This 
generally means that, in addition to meeting the 
predefined functional requirements, some set of 
performance metrics, such as a minimum value of 

10 conversion efficiency or a maximum cost, have also been 
achieved. Given time and resource constraints and the 
complexities of circuit interactions, it is normally not 
feasible for engineers to seek 'optimal' solutions or to 
even be able to gauge how closely their solutions come to 

is being optimal with respect to one or more metrics, such 

as efficiency or cost. 

Contemporary manufacturing methods, equipment and 
systems enable power converters to be manufactured in 
high volume on flexible, highly automated, manufacturing 

20 lines. Through use of a common set of manufacturing 

equipment and processes a virtually unlimited number of 
power converter configurations may be manufactured, each 
configuration sharing a common construction and packaging 
scheme but differing from other configurations in terms 

25 of its functional specifications (e,g., range of input 
operating voltage, output voltage, output power). 

Thus, while contemporary manufacturing techniques 
offer the capability of producing a large variety of 
power converter configurations essentially in real-time, 

30 methods for rapidly generating converter configurations 
which meet discretional, and somewhat arbitrary, 
user-defined functional specifications, and which are 
also optimized with respect to one or more user-specified 
performance metrics, have nor been available. Thus, 

35 users have generally had to choose between accepting a 
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'pre-conf igured' converter model which most, closely meets 
their needs or accepting the longer lead-times, 
non-recurring costs and uncertainties associated with 
having a manufacturer go through the process of 
s ' customizing ' a converter configuration to meet their 
unique functional specifications- In either case, there 
has been no means for ensuring that a configuration is 
optimized relative to specific performance metrics of 
importance to the user. It is therefore one object of 

10 the invention to provide means for rapidly generating 

power converter configurations which meet a specific set 
of user-defined functional specifications (as opposed to 
requiring that the user accept the closest pre-corif igured 
model) and which is also optimized with respect to other 

is performance metrics, such as efficiency, cost, and/or 
reliability. 

Refer to Appendix I, below, for a description of 
the operation and construction of one kind of modular 
power converter and a description of the manufacturing 

20 processes and equipment used for its manufacture. 

To satisfy a particular set of functional 
requirements , for example, output voltage, input voltage, 
operating- range, output power, and maximum baseplate 
operating temperature (e.g., the temperature at which 

2s thermal shutdown is controlled to occur) , components are 
selected from an available range of values to create a 
converter configuration. 

Complex component interrelations influence 
configuration-specific design metrics such as efficiency, 

30 cost, lead time, and reliability. One. configuration may 
be the most efficient, while another is the most 
reliable . 

As an example of component interrelations, for a 
zero-current switching forward converter, a small ON time 
35 for the main switch may lead to high peak resonant 
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current and harmonic losses, for example, transformer 
core losses, winding losses, and resonant capacitor 
losses- To reduce core losses (i.e., to increase 
efficiency) , the ON time of the main switch may be 
5 lengthened, and the peak resonant current reduced, by 
increasing the transformer's leakage inductance. This 
can be accomplished by increasing the number of primary 
and secondary turns while maintaining the original turns 
ratio constant, Although the winding losses may increase 
10 due to the increased numbers of turns, the net effect may 
be a reduction in losses (i.e., an increase in 
efficiency) if the winding losses increase by less than 
the amount by which the other harmonic losses are 
decreased - 

13 Referring to Fig. 4, a. computer integrated 

manufacturing (CIH) system 130 generates power converter 
configurations which meet user specified functional 
requirements and which are optimized with respect to user 
specified design metrics. By optimization we do not mean 

20 a mathematically or theoretically ideal circuit solution. 
Rather, ve mean including the best available solution 
subject to certain limiting constraints. In generating 
converter configurations, for example, the limiting 
constraints include the set of production processes 

25 available for fabricating the converters and the range of 
parts and part values which can be selected, or created 
during manufacture, for use in the converters. Thus, 
when we say "optimization" we include a method by which 
we first generate a set of configurations, subject to the 

30 limiting constraints, which meet a predefined set of 
functional characteristics. We then sift through the 
generated set configurations to select the configuration, 
or configurations, which provide the best possible 
performance with respect to defined optimization 

35 criterion or criteria. The system generates its output 
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in real "time (a,g, the results are available in minutes 
or hours, as opposed to days or weeks), thereby 
eliminating the lead times associated with conventional 
engineering design processes. 
5 Software running on a user's (client) computer 132 

interfaces with software running on a design assistance 
computer <DAC, server) 13 4 and through an input screen 
13 5 (Fig. 5) allows the user to input power converter 
functional requirements and criteria with respect to 

10 selected design metrics. The user's inputs are passed to 
a converter design and bill of" materials (BOM) generator 
program 136 (converter generator) * Users may include 
customers, the converter manufacturer's sales 
representatives ; marketing, applications, engineering , 

is and manufacturing personnel; and converter design 
engineers - 

The converter generator 13 6 is a rules and 
equation based system. Using a database of all available 
power converter components (e.g. , all of the components 

2Q which are available to, or which may be created by, the 
manufacturing process) t the converter generator generates 
power converter configurations that meet the user's 
functional requirements. In doing so, the generator 
discards configurations that cannot meet the functional 

25 requirements or which do not meet predetermined design 
constraints. For example, the converter generator 
discards configurations that exceed a predefined maximum 
power dissipation threshold for each component- The 
converter generator also calculates each configuration's 

30 design metrics, including efficiency, reliability, cost, 
and lead time, and selects the optimal configuration by 
comparing the metrics of each configuration to a set of 
weighted criteria defined by the user. For example, if a 
user specifies that conversion efficiency is the sole 
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design metric to foe optimized, the converter generator 
selects the most efficient configuration. 

The user may input new functional requirements 
and/or select different design metrics or a combination 
5 of design metrics. For each input change, the converter 
generator generates all possible conf ig-urdtiuns , discards 
those that do not meet: predetermined design constraints, 
and provides the user with a part number and a cost and 
delivery date corresponding to a configuration that is 

10 most nearly optimal with respect to the user's selected 
design metrics. Changing the functional requirements 
and/or selected design metrics provides the user with 
interactive feedback on each converter design decision. 
For instance, the user may input particular 

15 functional requirements and select efficiency as the 

design metric for optimization, then change the selected 
design metric to reliability, and compare the cost and 
delivery dates corresponding to the two resulting 
configurations. Alternatively, the user might wish to 

20 compare configurations which are optimized for conversion 
efficiency (e.g. , the percentage of the power withdrawn 
from the input source and delivered to the load) and for 
power density (e.g., the maximum power rating of the 
converter divided by the volume occupied by the 

25 converter} since these two metrics usually exhibit an 
inverse relationship (in part because higher density 
partis (e.g., smaller windings; smaller semiconductor die 
area or fewer die) exhibit relatively higher ohmic 
resistances which, in turn, dissipate more power as heat 

30 under a given set of operating conditions) . 

Assume, for example, that a manufacturer offers 
three converter product families, each differing from the 
other in terms of package size and the maximum amount of 
power which can be delivered (e.g., at a power density of 

35 SO Watts per cubic inch, a 'micro' package might deliver 
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up to 100 Watts; a 'mini' package might deliver up to 200 
Watts; a 'maxi' package might deliver up to 400 Watts) . 
If the customer were seeking a solution which delivers 
2 00 Watts of power, the most efficient configuration 
5 generated by the converter generator might involve two 
'maxi' products, each delivering 100 Watts in a 
synchronized, power sharing, array (see, for example, U. 
S. Patents Nos. 4,648,020 and 5,079,636, incorporated by 
reference) * 

io on the other hand, the highest power density 

configuration might be a single 'mini' product delivering 
the full 2 00 Watts. The 'maxi' solution would exhibit 
one-fourth of the power density of the 'mini' solution 
and cost more, but it would offer better conversion 

15 efficiency. If the user also decided to investigate 

fault-tolerant solutions {e.g., an 'N+l' fault tolerant 
solution would be one in which a single point of failure 
- for example a single converter failure - would not 
interrupt operation of the power system at full rated 

20 power) then the converter generator might present three 
different solutions depending on whether the user's main 
criteria involved efficiency, power density or cost. For 
example, the highest efficiency solution might involve 
three 'max!' converters, each rated to deliver X0O Watts 

25 in a fault-tolerant, synchronized, power sharing, array 
(see, e.g., U„ S, Patent 5,079,686). The lowest cost 
solution might involve two 'mini' converters, each rated 
to deliver 200 Watts in a fault-tolerant, power-sharing, 
array. The highest power density solution might involve. 

30 three 'micro 7 converters, each rated to deliver 100 Watts 
in fault-tolerant, power-sharing, array* There are, of 
course, virtually an unlimited number of ways by which a 
user can investigate the interactive effects of selecting 
different design metrics,, e.g., efficiency, power 



(44) 



#IH¥ 1 0-9 4 2 4 5 



- IS 



density, cost, conducted noise, fault tolerance, or 
combinations of metrics, as criteria for optimization. 

Since the converter generator produces a number of 
configurations which meet the user's functional 
s requirements and calculates the performance of each 

configuration against several different design metrics, a 
variety of useful information can be made available from 
the converter generator for use in other applications. 
For example, converters of the kind shown in Figure 1 are 

10 almost always used in applications in which the amount of 
conducted noise generated by the converter is of 
importance. This is because most power systems must meet 
regulatory standards which set limits on conducted 
emissions (e.g., the amount of normal-mode and/or cemmon- 

is mode power, voltage or current reflected back onto the 
converter's input or output connections as a function of 
frequency) . Sines the internal physical arrangement of 
the converter is well-defined, the amount of normal-mode 
and common-mode Interference present at both the input 

20 and output connections of the converter may be closely 
estimated (e.g., based upon the specific combination of 
components used; the operating frequency and frequency 
range; the ON and OFF times and parasitic impedances of 
the switching elements and rectifiers; the parasitic 

2 5 capacitances between components and parasitic Inductances 
in major signal paths within the converter). Once 
calculated, this information can be used in a variety of 
ways „ 

Assume, for example, that a user has selected a 
30 configuration based upon optimal efficiency or power 

density. The information regarding the conducted noise 
performance of the converter can then be used, either by 
the user or by another automated design system, to design 
or select an input source filter which will allow meeting 
35 some pre-defined set of conducted interference 
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requirements. Alternatively, the user may wish to 
examine tradeoffs with respect to overall system size and 
efficiency (i.e„, where the system consists of the 
combination of the converter, or converters, and external 
5 conducted interference filters and related utility source 
interface circuitry) • For example, the most efficient 
converter might incorporate relatively small internal 
input filter elements to minimize losses within those 
elements. This, however, might tend to increase both the 
10 physical size of, and power loss within, external noise 
filtering elements. By trying various different 
converter configurations the user (or a collateral 
software system which designs or selects filters and 
related circuit elements based upon the generated noise 
is and the desired system noise performance) could optimize 
overall system size, power density or efficiency. In 
general, information regarding how different 
configurations perform with respect to various design 
metrics may be used by users f or by computer-based 
20 automated systems, in performing related system design or 
optimization tasks. 

Once a configuration is selected, the converter 
generator generates a bill of material (BOM] f assigns it 
a part number, and determines a cost and a delivery date. 
25 The part number, cost and delivery date are sent to the 
user via the DAC interface and are also stored along with 
the user's functional requirements. To place an order 
within some predefined period of time (e.g., 60 days), 
the user inputs the part number and the quantity of 
30 converters to foe delivered; the stared information is 
retrieved and a BOM is re-generated and sent to a 
materials requirement planning (MRP) system 138. The MRP 
system generates a quote corresponding to the part number 
and logs the quote in a quote queue 14 0. This 
35 information is passed to the order administrator 142. 
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The order administrator generates an order from the 
corresponding quote in the quote queue, deletes the 
quote, logs the order in an order log 144 , and notifies 
an automatic sales order scheduling system 146 (AOSS) - 
5 The AOSS has access to manufacturing line schedules and 
capacity, component availability (in stock and on order), 
the order queue, and rhe BOM associated with the current 
order. The AOSS generates a final delivery date, enters 
the order in the manufacturing line schedule, and sends 
10 the delivery date to the user through the DAC interface. 
The order administrator may mark an order as a priority 
order to cause the AOSS to schedule the order to be built 

during the current day- 

A software system called a multi-cell programmer 

is 148 (MCP) is notified of orders scheduled to be built 
during each day. The MCP verifies the completeness and 
consistency of all engineering and manufacturing data 
required to build each order. As an example of 
engineering data, placement coordinates for all surface 

20 mount components must be defined in the engineering 
database for the PC5 upon which the component will be 
placed. As an example of manufacturing data, the MCP 
verifies that all surface mount components placed at a 
specific pick and place location are loaded in the 

25 component magazines of the equipment which will do the 
placement. If any exception conditions exist that 
prevent the order from being built, such as missing data 
or incorrect line set up, then the MCP indicates that the 
order cannot be built and places the order on hold until 

30 the exception condition is corrected. 

The MCP sends the order status to a supervisory 
control system (SCS) 150, The SCS may include a video 
display screen on which the list of orders 154 (Fig. 6) r 
and the status of the orders, is displayed for an 

35 operator. If missing components, or non-availability of 
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certain vorkcells, prevent certain orders from being 
built, their status will foe designated as non-buildable 
by the SCS. When necessary components or workcells are 
subsequently made available, the MCP will change the 
s order's status from non-buildable to buildahle. 

When the MCP verifies that an order is buildable, 
it generates an assembly instruction file for the order, 
which is then considered an eligible candidate for 
initiating the manufacture of the product on the line 

10 (dispatching) , The assembly instruction file includes 
the BOM, module specifications, printed circuit board 
component placement coordinates, component test 
specif ications, and sub-assembly graphics* Manufacturing 
line 70 then uses the assembly instruction file to build 

is the corresponding order. 

Once a customer / s first order for a particular 
part number is manufactured, certain key functional 
parameters associated with the configuration are 
associated with the converter part number and stored for 

20 later use. This is done because a particular customer 
may place several orders for a given power converter 
model (e.g. , part number) over a long period of time, 
During this time period the converter generator may 
change, either to provide improved performance or due to 

25 modifications in the complement of parts from which 

converters may be configured (e.g., certain parts may be 
replaced by others due, for example, to parts 
improvements or obsolescence) . By storing appropriate 
information about the operating characteristics of the 

30 converter first configured for the customer (e.g., for a 
zero-current switching converter f the transformer turns 
ratio, the value of the secondary-reflected leakage 
inductance and the value of the resonant capacitance) , 
the converter generator is able to consistently deliver 
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units which are functionally fully backwards compatible 
with units delivered earlier in time. 

Converter Design and BOM Generator 
Referring to Fig. 7 , the converter design and BOM 
S generator (converter generator) 13 6 (Fig. 4} receives 
(step 17 0) a user's inputs , including functional 
requirements and selected design metrics, from the DA.C 
interface. The functional requirements include input 
voltage range, output voltage, output power, and maximum 
10 baseplate operating temperature, while the selectable 
design metrics include efficiency, cast, lead time, and 
reliability- Using the functional requirements, the 
converter generator generates (step 172) all possible key 
power train component configurations- The key power 
is train components include the number of primary (N p ) and 
secondary (N 3 ) turns of a transformer Ti 24 (Fig. 8), the 
secondary-reflected leakage inductance (X^^) (referred to 
as the 'leakage inductance'), and resonant capacitance 
(C r ) . Inductor 162 (Ukjs* represents the leakage 
inductance of Tl. The turns ratio (N p 26/N e 28) is a 
function of the input and output voltages; the leakage 
inductance is a function of the number of secondary 
turns; and the resonant capacitance is a function of the 
turns ratio, output power, and leakage inductance. 

The converter generator then determines (step 174) 
the output rectifiers { 32 and 34) and output 

filter (L oat 4 0 and C out - 42) required for each 
configuration of key power train components. Selection 
of the components in a reset circuit 22; a drive 
30 transformer T D 20; and a main switch Ql 18; and the 
allowable value of the magnetizing inductance of 
transformer, Tl, are strongly interdependent. As a 
result, for each configuration, the converter generator 
generates {step 176) and evaluates all possible (and 
35 operative) combinations of the above components,, 
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determines which combination dissipates the least amount 
of power (i.e*, optimal efficiency) , and adds that 
combination to the configuration. 

The converter generator discards (step 173) power 
5 converter configurations that exceed predetermined design 
constraints. For example, configurations in which any 
component dissipates power in excess of a predetermined 
power dissipation threshold are discarded. The maximum 
power dissipation threshold for each component is a 

10 function of the component ratings, the component and 
system thermal impedances and the maximum baseplate 
temperature rating for the converter. The converter 
generator then evaluates (step ISO) the design metrics 
for each configuration, and selects the most nearly 

13 optimal configuration by comparing the metrics for each 
configuration to a set of weighted criteria defined by 
the user. 

Referring to Figs. 9a-9d, after receiving (step 
170} a user's inputs , the converter generator defines 

2G (step 17 2) all possible key power train component 

configurations 19 0 (a portion of which are shown in Figs _ 
lOa-lOb) by first determining (step 192) all possible 
combinations of primary and secondary windings on 
transformer Tl- The converter generator begins by 

25 determining (step IS 4) the number of primary turns (N pJ 
column 196) with respect to the input voltage range. 
Predetermined maximum and minimum volt per turn values f 
V in /H p/ stored in design constraint table 197 f are used to 
select the range of primary turns for the transformer Tl , 

3G The maximum volt per turn primary yields the highest core 
less and lowest winding loss. The minimum volt per turn 
primary yields the lowest core loss and highest winding 
loss * 

For each different number of primary turns, the 
3 5 converter generator then calculates (step 2 02) the number 
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of turns of primary (N Voc _jp' coluim 203 ^ and secondary 
(N v c s , column 204) auxiliary windings 205, 206 (Fig- 8), 
respectively. The auxiliary windings are used to power 
the primary and secondary control circuitry 208, 209. 
The auxiliary windings are calculated with respect to the 
number of transformer Tl primary turns N p and the 
required control circuitry voltage. 

For each different number of primary turns, the 
converter generator also calculates (step 210) the number 
of secondary turns (column 211) as a function of the 
number of primary turns and the user specified output 
voltage- The converter generator also selects the next: 
highest number of secondary turns. For example, if the 
number of secondary turns is calculated at 1.5 turns, 
bobbins carrying 2 and 3 turns are selected from table 
139. As a result, for each different number of primary 
turns, two secondary turns are chosen (N s(1) 212 and N s<2} 
213 corresponding to N p(1) ; N s(3} 214 and N s{4) 215 

corresponding to N p , 2) 3- 

For each secondary winding, the design generator 
calculates three different secondary leakage inductance 
values 213, each value corresponding to a different 
copper shield pattern on the cores used in transformer 
Tl- Each shield pattern has an associated leakage 
inductance factor A LX (nanohenries/ turns 2 } which is 
related to the amount of core surface area covered by the 
shield. The leakage inductance is also related to the 
number of secondary turns. For a lucre detailed 
discussion of controlling leakage inductance with core 
shield patterns, see United States Serial No. 
07/759, 5X1 r entitled "Transformer With Controlled 
mterwinding Coupling and Controlled Leakage Inductances 
" and Circuit Using Such Transformer" r and United states 
Serial No. OS/563,230, entitled "Plating Permeable 
Cores", incorporated by reference. To provide 
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flexibility, three shield patterns are made available and 
three corresponding values of leakage inductance are 
calculated for each selected combination of primary and 

secondary turns. 
5 The converter generator now calculates the 

voltages imposed on the resonant capacitors, C r (35, Fig. 
8), as a function of the transformer turns ratio (N p /N £ ) 
and the primary to secondary damping coefficient. The 
damping coefficient is a function of the resistive 
10 components in series with the L Ik s - C r circuit. For 

example, the resistive components include printed circuit 
board trace resistance, transformer resistance, and the 
equivalent series resistance (ESR) of the resonant 
capacitors . 

15 At this point the converter generator could 

calculate values of resonant capacitors for each value of 
leakage inductance associated with each combination of 
primary and secondary windings (based upon the predefined 
value of converter output power and predefined high and 

20 low limits on maximum converter operating frequency 227), 
However, as a practical matter , most of the values 
calculated in that way would ultimately result in 
unworkable configurations (e.g., they would not provide 
for zero-crossing of resonant current at maximum input 

25 voltage and load power) , so, as a means of limiting 

computing time and minimising generation of extraneous 
configurations, a different approach is taken* For each 
turns ratio, the converter generator determines (step 
22 6) the approximate values of resonant capacitance 

30 {column 228) that may be needed solely on the basis of 
maximum converter output power and the desired lower and 
upper limits on maximum converter operating frequency 
(e.g., 600 KHz and 1.2 MHz). The maximum converter 
output power and the lower limit an maximum converter 

35 operating frequency are used to define an upper limit on 
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energy-per-operating cycle and this, in turn, is used to 
calculate an upper limit for the value of capacitance 
(e.g., using the approximation that the energy-per- 
operating cycle Is [1/2] f [C*V p 2 ] , where V p is the peak 
5 voltage across the capacitor during the operating cycle) ; 
likewise the upper limit on maximum converter operating 
frequency is used to define a lower limit on energy-per- 
operating cycle and this, in turn, is used to calculate a 
lower limit for the value of capacitance. By this means 

10 a minimum and maximum value of resonant capacitance may 
be calculated for each turns ratio. In addition, several 
more (e.g., four) resonant capacitor values, having 
Incremental values between the minimum and maximum 
values, are also chosen (a 20% increment in the value of 

15 C r provides a 10% change In the resonant frequency of the 
Lr=r *-C circuit). Thus, for each turns ratio a total of 
six values cf resonant capacitance are chosen (e.g., 

1 ) { 6 ) ' 229—234)- 

The converter generator checks {step 242) each 

2Q power train configuration for zero crossing criteria by 
calculating the peak current through the resonant 
capacitor (i.e-, for each value of leakage inductance] 
and comparing that value to a predetermined maximum DC 
output current (e.g., the converter maximum output power 

25 rating, Pout, divided by converter output voltage, V out J , 
If the psak value cf resonant current is consistent with 
achieving zero crossing, the converter generator retains 

the configuration, 

The maximum number of possible power train 

30 configurations results when no configurations are 

eliminated. In the above example, for each number of 
primary turns a maximum of thirty -six configurations are 
generated. Each value of primary turns will have two 
secondary turns, three leakage inductance values (for 

35 each secondary), and six values for resonant capacitors. 
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Thus, if eight different primary turn bobbins were 
selected, a maximum of 2 83 configurations (36 times 8} of 
key power train components could be generated* 

After defining all viable key power train 
5 components (step 172, Fig. 7), the converter generator 
determines (step 17 4) the output rectifiers (D^ w and D FWD , 
columns 244, 246) and output filter components ("L out and 
C Qut _, columns 248, 250) required by each configuration. 
The lowest voltage rating output rectifiers are selected 
10 (step 2 52) with respect to the turns ratio and output 

power. The output filter components (Lout and Cout) are 
selected (step 254) such that: (1} the maximum amount of 
output capacitance is used (based upon the total number 
of capacitors which can be placed within a product and 
15 the maximum values of capacitance available for the 

defined value of output voltage} as a means of minimizing 
converter output ripple and [2) L out ., in combination with 
C out , results in an output filter breakpoint frequency 
which is consistent with some desired, predefined, value 
20 of control loop bandwidth. 

Given the power train components, the conversion 
frequency at various operating conditions can be 
calculated and stored for future use in power dissipation 
calculations The operating frequency is the rate at 
2 5 which energy is transferred from the primary to the 
secondary of transformer Tl. The operating frequency 
will be evaluated at three different operating conditions 
1) LXiFL ; low-line, full load (minimum Input voltage, 
maximum output power}, 2) HLFL: high-line, full load 
30 (maximum input voltage, maximum output power) and 3) 

NTutflj: nominal- line, nominal load (50% of input voltage 
range, 7 5% of maximum output power) . 

For each power train configuration (including key 
power train components , output rectifiers, and output 
35 filter components) , the converter generator then 



(54) 



ftfffiW- 10 — 94 



28 - 



determines (step 176) which combination of raain switch 

(Ql column 256, Figs. lOa-lOb] , reset circuit (including 

n 257 C ^ 258, columns 259, 260) , drive 

Q r eset *° ' * '-reset i - JO ' 

transformer T D 20, and magnetizing inductance (L^g) 2 66 
dissipates the least amount of power (i.e., is optimal 
with respect to efficiency) . In calculating power 
dissipation, both conductive and switching losses are 
considered. The power loss due to switching Ql (P sw ) is 
equal to one half of the output capacitance (C oss 268, 
Fig. 8) of Ql times the square of drain-to-source voltage 
(V c oas ) times the operating frequency (f c ); 

At ideal zero-voltage switching, Ql is switched when 
V c css is zero resulting in zero switching losses (P BW ) . 

To accurately determine the non- ideal switching 
losses for each main switch, reset circuit, and drive 
transformer combination, V c oss and C oss (which is a 
function of V c Q33 > need to be accurately calculated at 
the time Ql is" turned on. The time between Q rG3et being 
turned off and Ql being turned on (r sv3 ) is the amount of 
time allowed for the magnetizing current in Ti to non- 
dissipatively discharge the C oaa of MOSFET switch Ql to 
zero volts. If V c _ osg is zero at the time Ql turns on, 
the circuit is said to perform 'zero-voltage switching.' 

t 2vs includes two time intervals t x and t 2 
corresponding to two different circuit states having two 
different C oes discharge rates. Time interval t x 
corresponds to the period during which both the 
magnetizing inductance (1^ 266) and the primary- 
reflected leakage inductance contribute to the discharge 
rate of c oss , whereas time interval t 2 corresponds to the 
period during which only the primary leakage inductance 
contributes to the discharge, leading to a slower C oas 
discharge rate. The cross-over between t x and. t 2 
correspcnds to the tiae at which the voltage across the 



(55) 



1 0-94245 



- 29 - 

primary winding N p of Tl drops to zero and D FWD becomes 
forward biased, thereby shorting out I^nag . 

After determining {step 176) the Ql t reset 
circuit, and drive transformer combination that 
5 dissipates the least amount of power for each converter 
configuration and adding that combination to the 
converter configuration matrix, the converter generator 
eliminates (step 175 , Fig. 7) configurations that exceed 
predetermined design constraints- In one example, the 

lo converter generator calculates (step 178', Fig. 9c) each 
configuration's worst case power dissipation and compares 
that value to a power dissipation threshold associated 
with the user-specified value of maxiiauin baseplate 
operating temperature. Lower baseplate operating 

15 temperatures correspond to higher power dissipation 
thresholds. The converter generator discards any 
configurations having a worst case power dissipation that 
exceeds a maximum power dissipation threshold. If the 
converter generator determines that no configuration 

20 satisfies all predetermined design constraints {such as 
power dissipation) , then the converter generator will use 
a successive approximation scheme to determine the 
closest limits to the original specifications that have a 
solution. 

25 If more than one configuration passes the previous 

step, the converter generator will then evaluate (step 
180) each configuration's design metrics, including 
efficiency (Eff, column 268), lead time (LT, column 270), 
cost (column 272), and reliability (mean time between 

30 failure, MTBF , column 274), and select (step 1S2) the 
configuration that is optimal with respect to the user 
selected design metrics. In one example, a user 
specifies the efficiency design metric, and the converter 
generator calculates (step 276) the efficiency of each 

35 configuration by calculating the power dissipation of 
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each component: in the configuration at NLKL and than 
summing these values, The converter generator then 
selects the most efficient configuration. Instead of 
selecting one design metric, the user may choose a 
5 weighted combination of two or more design metrics. For 
example, a user may specify that efficiency have an 80% 
weighting and cost a 20% weighting to cause the converter 
generator to select a configuration that meets the user's 
functional requirements and is among the top 20% of 

lO configurations in terms of efficiency and among the top 
8 0% in terms of cost effectiveness. 

The converter generator then calculates and 
selects (step 273) input filter components from a table 
280 of available input inductors and input capacitors and 

is adds these components to the selected configuration. The 
input filter components might, for example, foe selected 
to provide a fixed breakpoint frequency of, for example, 
20 KHz- Or they may be selected to provide a fixed 
amount of attenuation, for example, 40 dS at 1 Mhz, or to 

20 provide a fixed percentage of input- ref lected ripple 

current (e.g., the peak-to-peak current variation at the 
input of the converter expressed as a percentage of the 
DC input current drawn by the converter) . The user may 
be given the ability to. request a different attenuation, 

25 for example, 60 dB, or to select different input filter 
components as a means of altering the cost and/ or input- 
reflected ripple current characteristics of the 
converter . 

The converter generator then selects (step 232) 
30 control circuitry 44 (Figs. 1 and 7} components from a 
table 2 83 of control circuitry components, adds them to 
the selected configuration, and generates (step 284} a 
bill of material (BOM) . The converter generator also 
assigns the configuration a part number, calculates a 
35 configuration cost, and estimates a delivery date based 
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upon, the quantity of converters specified by the user. 
The converter generator sends (step 2 86) this information 
to the user via the DAC 13 4 (Fig. 4) and the MRP system 
138 . 

s Other Embodiments 

Other embodiments are. within the scope of the 
following claims. 

For example, additional functional requirements 
that may be input by the user include input ripple/noise 

ID level, output ripple/noise level, operating frequency 
range, and transient responses; other optimization 
criteria may also be used, such as power density. 

As another example, instead of one mother board 5C 
(Fig. 1) , multiple mother boards may be available and 

is correspond to power converters of different physical 

sizes. The user may specify that the converter generator 
try to fit a particular configuration into a module 
package of a particular size or request that the 
converter be packaged in the smallest package in which it 

20 will fit. 

Application of the invention is not limited to 
forward converters switching at zero-current, but may be 
applied to any Jcind of power converter. For example, if, 
as shown in Fig. 11, the converter were a pulse-width- 

25 modulated forward converter 300 operating at a fixed 
frequency and comprising a. main switch 302, an active 
reset circuit 3 04 of the kind described in U. 5. Patent 
4,441,145, a transformer 306, a rectifier diode 303, a 
freewheeling diode 310 and an output filter 312, then the 

30 converter generator might generate configurations on the 
basis of: usable transformer primary 316 and secondary 
3 IS turns and turns ratio; the impact of magnetising 
current on efficiency accruing from sero-voltage 
switching behavior of the main switch 302 (i-e., due to a 

35 small delay introduced between the turn-on time of the 
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main switch and the turn-off time of the reset switcn 
318, as taught in U. S- Patent 4,441,146); effects of the 
fixed operating frequency on harmonic losses, including 
switching losses in the main switch. In general, all of 
5 the factors cited are interactive to one degree or 
another and ail would effect various converter 
performance metrics, including power density, conversion 
efficiency, cost, reliability and package density- 
Appendix I 

10 & n example of a dc-dc converter is shown in Figs. 

1, 2, and 3, In the Figures, a zero-current switching 
single ended forward power converter 10 converts a DC 
input voltage (V tn ) to a regulated DC output voltage 
(V out ) . The input voltage passes through an input filter 

is 12, including an input inductor 14 (L in ) and an input 
capacitor 16 (c ln ) , before being applied to a series 
circuit formed by a main switch IS (Ql) and the primary 
winding 26 of a leakage-inductance transformer (TL) 24. 
During each converter operating cycle, the main switch 18 

20 is opened and closed at times of zero current. This 
results in a 'quanta' of energy being transferred from 
the DC input source to the converter output via the 
resonant circuit formed by the leakage inductance of the 
transformer 24 and the resonant capacitors 36 (C r ) - 

25 Energy flow is unidirectional, due to the forward 

rectifier 32 (D FWD ) . The output inductor 40 (L oat ) acts 
as a 'current sinking' load to discharge energy from the 
resonant capacitors; the combination of the output 
inductor and the output capacitors 42 (C out ) form an 

30 output filter Which produces an essentially DC output 
voltage, V out . The freewheeling diode 3 4 (D FW ) and the 
boost switch 49 are used to control the charging of the 
resonant capacitors so as to: (1) prevent the resonant 
capacitors from being charged to a negative voltage; and 
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(2) control the amount of energy which is transferred 
forward during an operating cycle (and thereby control 
the operating frequency of the converter) . Primary and 
secondary control circuitry {included within molded 
5 control assembly 44) maintains V oufc at a predetermined 
value by controlling the operating frequency (e.g., the 
number of operating cycles per second) of the power 
converter as the input voltage and load are varied. A 
reset circuit 22, also included within the molded 

io assembly 44 , including a reset capacitor (C reset ) in 
series with an auxiliary switch (Q 3 _^ set ) , acts as a 
♦'magnetizing current mirror" to reset the core of the 
transformer during each operating cycle. Control 
circuitry turns main switch Ql on and off via drive 

IS transformer 2 0 (T D ) , 

More detailed descriptions of zero-current 
switching single ended forward converters, can be found 
in United States Patent No, 4,415,959, "Forward Converter 
Switching at Zero Current;" United States Patent No, 

20 4,675,797, "Current-Fed Forward Converter Switching at 
Zero Current;" United States Patent No, 5,235,502, "Zero 
Current Switching Forward Power Conversion With 
Controllable Energy Transfer;" and in 17 . s. Patent 
Application No, 08/167,296, "Power Conversion in 

25 Anticipatory Reverse Boost Kode f " incorporated by 
reference. For a more detailed description of the 
control circuitry, see United states Patent No. 
5,490,057, "Feedback Control System Having Predictable 
Open-Loop Gain," and United States Patent Application 

30 Serial No, 08/077 , Oil , entitled "Power Converter 
configuration, Control, and Construction f " also 
incorporated by reference. For a more detailed 
description of the reset circuitry, see united states 
Patent No. 4,441,146, entitled "Optimal Resetting of the 

35 Transformer's Core in Single Ended Forward Converters" 
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and United States Serial No. 08/373,112, entitled 
"Control of Stored Magnetic Energy in Power Converter 
Transformers," also incorporated by reference. 

Construction of the converter is shown in Figure 
3 1, The main switch 18 , as well as other heat generating 
semiconductors (such as the output rectifiers 32, 34) , 
are mounted to a metal baseplate assembly 43. 
Input/ output pads on the main switch 18 and the output 
rectifiers 32 , 34 are electrically connected to 

10 corresponding pads on a mother board 5 0 , and the 

remaining power converter components are mounted to and 
are electrically connected together through traces in the 
mother board. Fences 52, 54 are electrically connected 
to traces in the mother board and provide external 

is electrical connections to the converter through pins 55 
that extend through holes 58 in a stepped converter cover 
60. For a more detailed description of the power 
converter configuration, see United States Patent No. 
5,3 65,403, "Packaging Electrical Components/' 

20 incorporated by reference. 

Referring to Figs. 3a-3c, a power converter 
manufacturing line 70 includes a controller assembly line 
72 for assembling the control assembly 44 (Fig. 1) - At a 
solder station 74 (Fig. 3b) within the controller 

25 assembly line, solder paste is applied to predetermined 
locations on controller printed circuit boards (PCBs) . 
At a pick and place station 76, controller electrical 
components are selected from available component stocX 
and placed on the predetermined locations. Certain 

30 components are measured prior to placement and the 

measured values of these components are used to calculate 
values of other components which are to be Incorporated 
into the converter. For example, a calculated value may 
be used to laser-trim a resistor blank to provide the 

35 exact value resistor needed to accurately set the desired 
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value of converter output voltage. By this means, a few 
reels of resistor blanks may be used to create a 
virtually unlimited number of resistor values. For a 
more detailed explanation of component blank 
5 modification, see United States Patent No- 5,443,534, 
entitled "Providing Electronic Components for Circuitry 
Assembly," incorporated by reference. 

Th.e loaded controller PCBs are passed through an 
oven 78 which refiows the solder paste. The PCB 

10 assemblies are then tested, and PCBs determined to have 
failures are discarded. 

The remaining PCBs are passed through a molding 
station 80 where the primary and secondary controller 
sections are encapsulated in a molding compound. A 

15 portion of each PCB, which include the input /output pads 
for connecting the controllers to the mother board 50, 
are left exposed. For a more detailed description of the 
molding process, see United States Patent Application 
Serial No. 08/340,162, entitled "Circuit Encapsulation, 11 

20 incorporated by reference. 

The primary and secondary controller halves are 
then separated and glued together in a sida-by-side 
configuration (44, Fig. 1). The set of molded control 
assemblies are then inserted into a temperature 

25 cycling/electrical testing station S2 and tested as the 
temperature of the station is increased and decreased. 
Control assemblies which fail are discarded. 

Each molded pair of PCBs is mounted and glued to a 
mother board 50 (Pig. 1) at a mother board assembly 

30 station 84. Surface mount epoxy, for holding down other 
components during the assembly process, is then applied 
to predetermined mother board locations at an epoxy 
station 86. At a trans former assembly and test station 
88, core halves and winding bobbins are selected from 

35 available stock and used to assemble transformer Tl 24 
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(Fig. 1) , The magnetizing inductance of the transformers 
is accurately adjusted at an automated inductance-sett ing 
unit, and transformers are placed onto the mother board 
(and held in place by the surface mount epoxy) . For a 
s more detailed description of the inductance setting 
process and equipment, see United States Serial No. 
08/347,874, entitled '"Setting Inductance Value of 
Magnetic Components," incorporated by reference. A pick 
and place station 90 selects additional components, 

10 including c r , C out , C in , aligns component pins with 

corresponding holes in the mother board by means of a 
vision system and inserts the components in the remaining 
predetermined mother board locations. 

The mother boards are then passed through a solder 

is fountain in a solder station 92, Solder from a solder 
fountain provides electrical connections between the 
mother board holes and the component pins inserted in the 
holes. For a more detailed description of the solder 
fountain, see United States Serial No. OS/420,553, 

20 entitled "Soldering, " incorporated by reference. 

At a terminal block assembly station 94, fences 52 
and 54 (Fig- 1) are soldered to the mother board* A 
baseplate, containing the correct complement of power 
semiconductor devices for a specific converter model, is 

25 provided by a baseplate assembly line 9 6 and mounted to 
the fence and mother board combination at terminal 
block/baseplate assembly station 98. At a sealant 
station 108, sealant is dispensed along edge 110 (Fig. 1) 
of the baseplate, and at a solder station 112, solder is 

30 applied to input/ output pads on the main switch and 

output rectifiers. Electrical pads on the mother board 
are soldered to these input/ output pads after the mother 
heard is connected to the baseplate. A cover 60 (Fig. 1} 
is also mounted over the mother board and baseplate at 

35 assembly station 98. Far a more detailed description of 
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how baseplates are constructed, see United States Serial 
No. 08/382,676, entitled "Flowing solder in a Gap , " and 
United States Serial No. 03/523,873, entitled "Packaging 
Electrical Circuits," which are incorporated by 
s reference. 

After attaching the cover to the baseplate, the 
cavity between the cover and the baseplate may be filled 
with encapsulant at an encapsulant station 114. For a 
detailed description of how the cavity is filled, see 
10 United States serial No. 08/582,63 4, entitled "Filling of 
Assemblies , " incorporated by reference. The assembly is 
then passed through an oven 116 to cure the encapsulant. 
The converters are then passed to a final test station 
lis before being shipped 120 to customers. 

15 Reference to Microfiche Appendix II 

A microfiche appendix containing rules, equations, 
and tables used by the converter generator consisting of 
216 microfiche images on 4 microfiche cards is filed 
herewith, (The values stored in several of the tables 

2C may be calculated by the converter generator instead of 
listed in a table,} 

A portion of the disclosure of the patent document 
contains material which is subject to copyright 
protection. The copyright owners have no objection to 

25 the facsimile reproduction by anyone of the patent 

document or the patent disclosure, as it appears in the 
Patent and Trademark Office patent file or records, but 
otherwise reserves all copyright rights whatsoever. 
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What is claimed is: 

L, A method, for use in determining a power 
converter configuration comprising: 

receiving power converter operating characteristic 

5 information; 

in a computer, determining alternative power 
converter configurations that are consistent with the 
operating characteristic information; and 

selecting one of the alternative pover converter 
10 configurations that tends to have optimal efficiency. 

2. The method of claim 1, wherein efficiency is 
measured as power converter heat loss. 

3. A method for use in determining a power 
converter configuration comprising: 

15 receiving power converter operating characteristic 

information ; 

receiving optimization criteria; 
in a computer, determining alternative power 
converter configurations that are consistent with the 
20 operating characteristic information; and 

selecting one of the alternative power converter 
configurations that tends to be optimal with respect to 
the optimization criteria. 

4> The method of claims I or 3 , wherein 
25 determining alternative power converter configurations 
includes calculating a combined heat loss for each 
alternative power converter configuration, and wherein 
selecting one of the power converter configurations 
includes selecting a configuration having the least 

30 combined heat loss. 

5. The method of claim 4, wherein determining 
alternative power converter configurations further 
includes ; 

evaluating the component interrelations for each 
35 alternative power converter configuration. 
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6. The method of claim 3, wherein determining 
alternative power converter configurations includes 
determining performance metrics for each alternative 
power converter configuration based on a predetermined 

S set of performance criteria. 

7. The method of claim 6 wherein the performance 
criteria and the optimization criteria are the same. 

8. The method of claim 6 r further including: 
storing the determined performance metrics. 

10 9, The method of claim 8, further including: 

accessing the stored determined performance 

metrics , 

10. The method of claims 1 or 3 , wherein 
determining alternative power converter configurations 

is includes: 

eliminating power converter configurations that 
are inconsistent with a predetermined design constraint. 

11. The method of claim 10, wherein the 
predetermined design constraint is a power dissipation 

2G threshold. 

12* The method of claims 1 or 3 r wherein 
determining alternative power converter configurations 
includes : 

eliminating power converter configurations that 
25 are inconsistent with the received power converter 
operating characteristic information. 

X3 . The method of claim 3, wherein the 
optimization criteria include efficiency, reliability, 
lead time/ conducted noise, or cost, 
30 14. The method of claim 3, wherein the 

optimization criteria include at least two criteria. 

15. A method for use in determining a power 
converter configuration comprising: 
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determining alternative power converter 
configurations that are consistent with operating 
characteristic inf ormation ; 

calculating a combined heat loss for each of the 
5 alternative power converter configurations; and 

selecting one of the alternative power converter 
configurations that tends to minimize the combined heat 
loss , 

16. The method of claim 15, further comprising: 

lO receiving the operating characteristic information 

from a user. 

17. A method for use in determining a power 
converter configuration comprising: 

receiving power converter operating characteristic 
is inf ormation; 

receiving selection criteria; and 
in a computer, determining alternative power 
converter configurations that are consistent with the 
operating characteristic information; and 
20 selecting one of the alternative power converter 

conf ig-orations in response to the selection criteria. 

18. The method of claims 1, 3, 15, or 17, wherein 
determining alternative power converter configurations 
includes : 

25 selecting power converter components from an 

inventory of available components having a range of 
parameter values* 

19. The method of claim IS, wherein the range 
comprises two parameter values, 

30 20. The method of claims 18, wherein the power 

converter components include a number of primary turns on 

a transformer. 

21. The method of claims IS r wherein the power 
converter components include a number of secondary turns 
35 on a transformer* 
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22. The method of claims 18 r wherein the power 
converter components include a resonant capacitor, 

23. The method of claims 18, wherein the power 
converter components include a transformer having a core 

5 shield pattern. 

24* The method of claims 18, wherein the power 
converter components include output rectifiers, 

25. The method of claims 18, wherein the power 
converter components include output filter components. 
lO 26- The method of claims 18, wherein the power 

converter components include input filter components* 

27. The method of claims 18, wherein the power 
converter components include main switches. 

28. The method of claims 18, wherein the power 
is converter components include drive transformers. 

29. The method of claims IS, wherein the power 
converter components include reset circuit components. 

30. The method of claim 17, wherein the selection 
criteria include efficiency, reliability, lead time, 

20 conducted noise, or cost. 

31. The method of claim 17 , further comprising: 
receiving another ^selection criteria, wherein the 

power converter configuration is selected in accordance 

with both selection criteria. 
25 32 . The method of claim 17, wherein determining 

alternative power converter configurations includes 

determining performance metrics for each alternative 

power converter configuration based on a predetermined 

set of performance criteria. 
30 33. The method of claim 32 wherein the 

performance criteria and the selection criteria are the 

same * 

34. The method of claim 32, further including: 
storing the determined performance metrics, 
35 35. The method of claim 34, further including; 
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accessing the stored determined performance 
metrics . 

36. The method of claims X, 3, 15, or 17, further 
including 

5 generating a bill of materials for the selected 

one of the alternative power converter configurations. 

37. The method of claims 1, 3, 15 , or 17, further 
comprising : 

determining power converter configurations that 
10 are consistent with previously received operating 

characteristic information and are functionally fully 
backwards compatible with power converters delivered 

earlier in time. 

33. The method of claims 1, 3, 15, or 17, further 

15 comprising: 

providing a user interface to the computer, 
wherein the operating characteristic information is 
received through the user interface. 

39. The method of claim 33, wherein the user 

20 comprises a customer. 

40. The method of claim 38, wherein the user 
comprises a power converter designer, 

41. A method of supplying a power converter 

comprising : 

25 receiving, at a first party, operating 

characteristic information about a power converter from a 

second party; and 

in a computer, determining a power converter 
configuration that is consistent with the operating 
30 characteristic information and tends to optimize the 
power converter based on optimization criteria; and 

providing specifications for the determined power 

converter conf igurat ion . 

42* The method of claim 41, further comprising: 
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receiving, at the first party, the optimisation 
criteria from the second party. 

43. The n.ethcd of claim 41, further comprising: 
generating' a bill of materials for the determined 

5 power converter configuration. 

44. The method of claim 43, further comprising: 
sending electronically the bill of materials to a 

computer integrated manufacturing line. 

45. The niethod of claim 41, further comprising: 
10 building the determined power converter 

configuration at a computer integrated manufacturing 
f acility . 

46. The method of claim 41, further comprising: 
providing the specifications for the determined 

15 power converter configuration to the second party. 

47. The method of claim 41, wherein the 
specifications include availability information for the 
determined power converter configuration. 

48. The method of claim 41, wherein th© 
20 specifications include cast information for the 

determined power converter configuration. 

49. The method of claim 41, wherein the computer 
is at a site local to the first party and wherein 
receiving, at the first party, operating characteristic 

25 information about a power converter from the second party 
includes : 

accessing a user interface of the computer from a 
site at the second party that is remote to the site local 
to the first party. 
30 50. A system for use in determining a power 

converter configuration comprising: 

a program for determining a power converter 
configuration that is consistent with operating 
characteristics and tends to optimise the power converter 
35 configuration based on optimization criteria; and 
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a user interface, coupled to the program, that 
receives the power converter operating characteristics. 

51. The system of claim SO r wherein the user 
interface also receives the optimization criteria, 
s 52. The system of claim 50, further comprising: 

a computer for executing the pro-gram* 

53 . A method for use in determining a power 
converter configuration comprising: 

receiving, at a first party, functional operating 
10 characteristic information about a power converter and 
optimization criteria from a second party ; 

in a computer , accessing a power converter 
generator that determines power converter configurations 
that meet the functional operating characteristic 
is information and which determines and stores information 
about each configuration with respect to the optimization 
criteria; 

selecting one of the determined power converter 
configurations that tends to optimise the power converter 
20 configuration based on the optimization criteria? 

providing specifications for the selected power 
converter configuration to the second party; 

receiving, at the first party, approval of the 
selected power converter configuration from the second 

2 5 party; and 

delivering fabrication information for the 
selected power converter configuration to a manufacturing 

facility . 

54. The method of claim 53, further comprising: 
30 initiating an electrical connection between the 

first party and the second party; and 

sending the operating characteristic information 
and the optimization criteria from the second party to 
the first party via the electrical connection. 
35 55. The method of claim 53, further comprising: 
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building a power- converter from the fabrication 
information; and 

snipping the power converter to the second party. 

56. The method of claim 53, further comprising, 
5 before receiving approval: 

receiving; at the first party, different operating 
characteristic information from the second party; 

in the computer, determining another power 
converter configuration that is consistent with the 
10 different operating characteristic information and tends 
to optimize the another power converter configuration's 
based on the optimization criteria; and 

providing the specifications for the determined 
another power converter configuration to trie second 
15 party, 

57, The method of claim 53, further coxaprisinq, 
before receiving approval: 

receiving, at the first party, different 
optimization criteria from the second party; 

20 in the computer, determining another power 

converter configuration that is consistent with the 
operating characteristic information and tends to 
optimize the another power converter configuration based 
on the different optimization criteria; and 

25 providing the specifications for the determined 

another power converter configuration to the second 
party . 
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CONFIGU RING POWER CONVERTERS 

Absbiract 

A method for use in deterniiiiirig a power converter 
configuration including receiving power converter 
5 operating characteristic information, and, in a computer, 
determining alternative power converter configurations 
that are consistent with the operating characteristic 
information. The method also includes, in the, computer, 
selecting one of the alternative power converter 

10 configurations that tends to have optimal efficiency, 

A method for use in determining a power converter 
configuration including receiving power converter 
operating characteristic information, receiving 
optimization criteria , and, in a computer, determining 

is alternative power converter configurations that are 

consistent with the operating characteristic information 
and selecting one of the alternative power converter 
configurations that tends to be optimal with respect to 
the optimization criteria. 

20 A method for use in determining a power converter 

configuration including determining alternative power 
converter configurations that are consistent with 
operating characteristic information, calculating a 
combined heat loss for each of the alternative power 

25 converter configurations, and selecting one of the 

alternative power converter configurations that tends tc 
minimize the combined heat loss. 

A method for use in determining a power converter 
configuration including receiving power converter 

3o operating characteristic information, receiving selection, 
criteria, and, in a computer, determining alternative 
power converter configurations that are consistent with 
the operating characteristic information and selecting 
one of the alternative power converter configurations in 

35 response to the selection criteria - 

A method of supplying a power converter including 
receiving, at a first party, operating characteristic 
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information about a power converter from a second party, 
ana, in a computer, determining a power converter 
configuration that is consistent with the operating 
character istic information and tends to optimize the 
S power converter based on optimization criteria and 
providing specifications for the determined power 
converter configuration. 

A system for use in determining a power converter 
configuration including a program for determining a power 

ia converter configuration than is consistent with operating 
characteristics and tends to optimize trie power converter 
configuration based on optimization criteria, and a user 
interface, coupled to the prugraii, that receives the 
power converter operating character is tics , 

15 A method for use in determining a power converter 

configuration including receiving, at a first party, 
functional operating characteristic .information about a 
power converter and optimisation criteria from a second 
party, and, in a computer, accessing a power converter 

20 generator that determines power converter configurations 
that meet the functional operating characteristic 
information and which determines and stores information 
about each configuration with respect to the optimization 
criteria. The method also includes in the computer 

25 selecting one of the determined power converter 

configurations that tends to optimize the power converter 
configuration based on the optimization criteria, 
providing specifications for the selected power converter 
configuration to the second party, receiving, at the 

30 first party, approval of the selected power converter 
configuration from the second party, and delivering 
fabrication information for the selected power converter 
configuration to a manufacturing facility. 
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> ^ — ^ x - x £ it L T 56 1 1 A ti 6 #t £ c k £ » # It £ f 
^If^ill. 3. 15, 1 7lBma>^;i. 

-set s**«i-r-5W5R3a3 sekod:£& 0 

BBt" S ftff « 141* $B £^ it IS &fr*i t . 



1 0 — 94245 



[«^* 4 4 1 *mtt«* s a > e « tsMit^ 

* m & f z » -t * Bjffl ttit « s * t; c t s ^® t -r % 
4 i mm<D?j)£ 0 

at. 



(4) 
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T<D*«««cH^6«*t*j»juTiaii'r4«*i=i>/^ 

TT*Ci:S«»i:"r*ll*a6 3B8fl)KI. 

[if mm s 6 ] iUfe^^ig^tt^^Mic. 

¥'J Si 1 $ ft * = #1 CO ■ ^3 =a > / < — * tit it f c H t" £ tb *S * H 2 

/ r i=:««^r a tT« t s * 6 jz*-r & c t i 

[000 1] 
[0 0 0 2) 

i^tf^— (Vicar Corporation ; SiSiSH) te£ffl>Sijfi 



[00 0 4] vx^7^XL/^7 hU7^^-^°U-V3 

[ooo5] iKB*fett«tkaifttttt«flaft^«)tk¥ 

@^b;i(*. S P I CES:i;<0EItti>5iU— *<k U 
JllSCitffcfi. 0i|^^U^U + T^^<7) TAParameter 
Optimization Method for Electronic Circuit Design 
Using Stochastic Model Function J B^fr^X^jfi 

mm 3 §5§g 7 5 t&m 4^^ 992 1 3 wih^m 2 5 

PU - (Nye ) ^(7> i"DEL I GHT. SPICE: An Optimization 
-Based System for the Design of Integrated Circuit 
sj IEEEh7>^y3>t> n>tfi— 



(5) 



^dl^F 1 0-9 4 2 4 5 



Tb^MS 1 91, -f/O ym<D rComputer-Aided Optim 
ization of the Parameters of Electronic Circuttsj 
Teiecommun feat ions and Radio Engineer ingm 2 £[5 CRa 
dio Engineering ) 12 6#i£ 1 1§1971$1 ifl 

[0006] U-7f^/nv^^U-va> (SJi* 

fcfS*X. CA, USA) it, X-f^CAD (Switch 
erCAD } <fc I^tffLTt^ V 3? r- ^ x T"<— XCD^SitSft 

^b-V3> CA, USA) v!> 

^ (buck) } 

SIT***. i^P^AIl «04liEfflf=Br36<D*aa 
[00O7] 

SB£ — SJrrS^il (alternative ) $r |gj5fc 

*t*rc«ffl-r«*3Sfc#***-r*. ectasia, a 
[oo os] *mm<nmm&, EiT<ow***t\ 

aMfc*£KI+ft-5fra<fc* n>t D zL— SMcJjot, MfE 
WttflMt— ik-r*^* (alternative) m^n>/<— 

[0009] *#«cosaBfi, jaT«>»«**t? 0 



[0 0 1 i] MiUbSmte. nm, flMtt. U — K**f 

wja'j-rftfTat. *«ja*o#/!rr=:»-r 
t ^^fcm^j a <— $ it f&^js'iir & t * 

[OO 1 2] **W0>*J6f*. &T<a**»£^t;* 
^tf>;£;£f4. »ftWttfl»as^L«-^6*f'tft-5fraS 

«<tttt*fTat, aK«*«Kit««fTat. a>ea 

[0 0 1 3] ^0^0)11*614, JSlTC0W»**t? fl ^Ptt 

«A=»i//<-*»(flt**ij*j-r4ffai4. /^y— *j((D 
— $mfrt>te& 0 a*=j *ffs<D^ia 

K/^*— >**-r«ftflE*t. fatly* 
*9SW<0*a*4. 8J(0««««£*ltW*lTa* 

*I!B * *tfcttfg***IB«-r « fir a <t , *«®J 2 *LTB« 
100 1 5] **W<D*ffiJ4, ^««*=i>/^— 

a #^ $ tt f i: t *f^r * f ± ffi m s *t a -r « 1? a 
famzmmztLtc^ji^i t^mmz$£±t£&igL 



(6) 



*#IH3M 0-9 4 2 4 5 



[0 0 16] mi /"\ — < X, 12 A— ir-f 

fiat* =J>lf:x---£lzfcUT\ Mft«Ftt1f*A:-»§a-r 

& t t fci=Mft»*i=»-Jt^r«*=3 * ^11 

*t^4«i^<z)**«»3>/<"*»ja**j9i-r*fTii 

[0 0 1 8] a^ea."*!*, 1 /<— ir-f (Cifitg 
frfl**t; ft ;£#§0J5teu »m*f£t tt*f::» 

[0 0 1 9] #^0>Hiftf£, ^TO^a^t;* 3-— 

tf-< :?x— xt. wMimm%%:tfmz> a 

t. H/^f^ft\ S2/W< ^t>C05g«$tLfc* 



[0 0 2 0} *5gffl£D*J6l*. &T0>»«£#fc% ##& 
Ml /<— x-f tJS2/*-— r--f ifl>nflCD«« 
ttfttt£B8»**frat* *2/<— f-f^bl1^-»f 

*\zm%m%ffi&fri,xmftftm£n&tfmmit&m& 

»4frat*S&i::*fc\> **W<D*ai4, SittflS^ 

»i+»4«rrc, **w<D*flii*, Si^-f^, 12 

frats *JM**ifc3S(IO«*=i>/i— **flt^»-r*tt 

^^M2/<-T : '^ica«t-^fi : fM^$-$^ic^t; Q mia 

13. »2/<-^-f *N&(E)»J(D*5i<b***«ItBlSfira 

fc*r^9i<o«a<bat»(cat-Jt^-c»i(D«»a 

«*«»bt"*«isa>fc«ffl<»«*3 

91 "Tiff at, «9I**tfc»J<oa*3^/<---*«l*l=lll 
[002 1] **B.Ba>a6««*. klTtf):: t £^<i; 0 

fflJLfet, «*3>/^-*»«-a^*t»tl:«» (BO 
M) ( rzi>/^— * vi^l/» ) it. a.— if 

tts^^isfc^a^^^^^wjts^-r^ctiw^ 
»aM*frs»a-r*t tti^^* ^x^u— * 

lc*oT«#t*n**L^«il«J**»«f-r*C:tlcJ: 
[0 0 2 2] BEI¥co*x^-7**. ^rfW:iyft^S 



(7) 



*#B8¥- 1 0 — 9 4 2 45 



$ *i /= a * on » tti = * a w «iw « « t en 

[0023] ^<b&mm?}^ ^j<-$mf&<D^L-—*f<D 
*tt*sw-fcflL *mtt«# (bomj ^mmmz^m 

it (CIM) BrC:2t&*l % CCtftffl^T, Sat^-T 
[0024} 



Hire =Evi-7DC-DCn>y<»^©^gig^ 

r#es*ifc»*j ffljftictjL^m 

* (centralized ) l^vXf A^Mt^o C<Z>m* 
&&&H.t* ^mmWftm (fast time-to-market ) 
[0 0 2 5] -«fc, HrKcDtlllltttt (Pir5£<D&?jmi± 

DC^&400V0Ctt') iCimKif^-r*) £95/=^ 
^(7)DC-DCa>/\»^M («K.tf«J«^|fi 

flMHlftt*C0tt|glt*rcl!BLT*3S: 

>lz&-z5%^ *tO<0»tH±. r+^zffi^=fc<^j t3& 
£*Tr. »E«yiS**i4 0 CtU£. HUMc. Bf»<0« 

[0 0 2 6] «ft©Kflfc&SS. Sajau'^X^rAfz^o 



[0027] ca>j:3fc, »a<»«3ta«tt. i-ifs 
^^^mn^^mmm^mt-^ztizmmLtz^mm^ 

<hftl^U— K£ -f A (leadtime) t#W#flli|ftJt<DS6*+ 
A*i<Dlim?38« L ft(+*t«<C 6 ftfr o fc D little L T 

[0 0 2 8] W8l£#ILW&, 1 <Dmm<D^VzL 

iS« $ tux i3 >/ ^— ^ «jS * ^»-r S o 

[0029] tt««affisn«r4. u-k 
t4'j^40N*miit k i v ^ * mn$t t mm $Lm 

— > ^- if r c t i 3 o r ftfrti S - ^lsiai<7D^^ 
lis $ — i'%£(Dtmn\z ( k-DTmi)n-f&ti<. ^mm<nm%: 

it, m^iznn&^i'px&h %hm<j>m 



[0030] IH6^#BS^S^, 3>tf3.-*J 



(8) 
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t % . & £ S it fc» i *a tt# £ A t; c i: *»* 

$HfcyftS*+u-S/<-- i y^«IS»ffl (part values ) tf> 

[O 0 3 1 I :x~»+F (^-<T> h) tf>i3>tf:x — £ i 
3 2tSSV7 h'JxTI*, ISifSSa^t:^-^ CD 
AC, 134-eiSV7h^i7i:-f>*-7 
x— XL, AAWJ->1 35 CH7) S^tt, n 

i4. *»«-atf*r»tt«» (bom) ^ia^p 

[0 0 3 2] n>/<— ^ yi^b^ 1 3 6 14. JHMA 

ffl-e#*fci4S5S^p-t2XiCcfcor<t»S+t*^aia) 

*fcr4**(0»tf*»Saifc*<i:t^«lfit**lll 

#j^i4\ * vx*u--5u4, #«saiw» 
So □ vx*u— £14. a*, sfftt. am. 

—ifir^oTjeilS+tfcM^W***^)*^ hfcMLr 

* m m <d tt m * it $s r § c 1 1 = <t o r s as? -r 



[0 0 3 4] #J;U4\ -tl— ^i4. W5e©«ffigH*£A:*J 

f4, :x—- tPt4. 3E»SSi* AA»fr&5l*tttS 
*eBK (#l*J4\ a>/^—*r3<t-5-CiS«>&JK4»»c 

[003 5] #J*J4\ M3tH#i4v H^t-vt-f^ 

i44oow*T?ew&f«>) ^®#t-rs^c7)i:^^-rs. 

3 >/ ^— ^ v x ^ u— ^ £ o r ^/t * ftfcSW*M* j£ 
(4. t*tt7M<hMlt^!f)M o ow^itf 

U T&Ajfzlfcmnt^ 4 , 6 4 8, 0 2 0tW5, 0 7 
9, 6 8 6^#PJ o 

[0 0 3 6] — gSm^J^^lt^i4. Sf200W 
»t*M-r*36<. «*tfc n.-if^ 

I4, a.— V<D*:fc*»*A<S(i*, ^tr^^. iim^^C: 
oow^«^f-s^d(^ast.^ttfc3 0(?) r-^^ 

*>J fttft«ft*t; (ttittfSRBWWWS. 07 9. 6 8 

btifc 3ocd r s ^ p j ££#t,\ tt) 



(9) 



ftfflW- 1 O — 9 4 2 4 5 



ftjss ft nitm&».E,x$m}&»m 
[0037] ffl?Lf£^ o.— yr*. tiawtAMi; 

^zf-fjvst^ MMT^ol—^t^ U -r-r v— x-f — 3? 
zl— -tf 5 (* fcfi i C f: / -f X^§tS(D y X f A / ^ Xft 

«i i z x o w i % -c y * ) u $ r u m m -t * m ss m * s is it l * - 

^ — * -< — X CD a IS i t is X t- A f c i: o T ffi ffl $ ft & P 

[0 0 3 8] MjigK£ft&£:„ 
*U-£/3\ tmtfctt* (BOM) S±«Lt/<-^f 



±$tLT^r*'4^#^>n>^ (MRP) y7fA 1 3 
8|Cj££>ft£> 0 MRPyXfAft ^#^fCiffl^^ 
&3fffl£3=JffiU 3fffl#*>^< > (quote queue ) 1 4 
OfcllfflSa^-ra, ZOflWRtt, (order 
administrator ) 1 4 2 (cat t>ft£ Q *fe*«tfr»te, §i 

WlyXf A 1 4 6 (AOSS) ICig&TfSc, AOSS 

f*. Mit^-f>l+il^t;^^-v(DT^irxi:. (Xh^ 

SSOJ* ^fC»K Ltr B OM t S tt So AOSSIt 

mm<D&$&mm%&mL, m^-c^tfrniz^^x 

ft. ift*£i£Jg£a.~» iflZf&lltrD AC-f ^^7x«x 
y, AOS SIC. ^CDBCD^^IC^VziTSIIlIff^ltlJ 

[0 0 3 9] ^^^-tr^U^P^^^ (MCP) tWl£H 
h^x/yXfA 1 4 8{Z S ^BfZ^3xTbtL 

[0 0 4O] MCPII ^ttm&^MMisATJ* 
(S CS) 15 OfCiM^o SCSI*. 1 540UX 

h (las) atjt<fc*«>tt««^u— ^fca^fte^r 

Jt^^^-r^il^.. C+lb(7>^@fJ. SCSWotffi 

[0041] McP3&«ifc*A«aABrttT&*i:j«Af -b 
mt&ma&mmmmt* hi±mt. ^^riz 



(10) 
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[0 0 4 2] ^&<7>^~vm j ^\^^t&?lZ.5^<DmJ} 

com. ^mmmcom) ^tm-t^zLtiz^^x. 

[0 O 4 3] zi >/ ^ jgtt £ BOMvi^ U — £ 
— ^ *i?x*U— *) 136 (H6) ft. D 

m^<t. «*^— hBffaat**^-, -sr. 

a«RFte»8t£*ft\ s»*t* u— K?-fA 

^fitTS (X-x^y^1 7 2) « ^l^hK>M 
ft. ^IxiiT 1 ; 24 (110) <7>1 2**BiaS 
Np , N s CD£— 2*S»att-f 

#fi CC r ) i^tC, #!U£fc (Np 26/Ng 2 8) 
-So 

[0 0 4 4] sfeic ii>/\*-^vx^b-$fl Jp— S 
» hU-Y>^S£D^iJig|c£^^:aj^^< (Lout 

4 0, C 0 ut 4 2) tmiim^ (DRfD 3 2. DFW3 
4) h&fe&>& {*.*rvZ?1 7 4) o g-fe-V h\E\mZ 2 
<Cfclt5fflSC0a«. ISftlElxSTD 2 0. *-f>X-f 

O^^) «fttii4*Lt (X-r-^^1 7 6) ffW 

[0 0 4 5] zi>/<— 4fS/x*U~ j2fts Sr^cDSStf-SI 
7 8) o $]X-ft\ »a3&^Bf3Efl)«*l;M«L*L^«*jttS. 



[0 0 4 6] 11 1 7i^EI1 4$#it*i!:s jl— tf<D 

x*U— £ft, 1 CO 1 2fe&TJf 2 2te«m*5<0«T«B 

cfcot. «A h >^tSf$ 1 9 0 

Uf l ^1 7 2) 0 =i v? x * U— £ ft , A* 

tEiil:MLtl^^->« (N p , El 9 6 

M) zmm-tz (x-t-^^i 9 4) i^ot^t^o is 
i «*™->a>(BH*<a«$*b*« 1 >ss 

fcy<0*^;i/hft s «^:aT»*i:«/h#jHlSSli*i: 

££Err& D i **—>afcya>«'h*^hf*, 

£ft. 1# (NVcc^p . ft 

2 0 3ffi) %Ll$2~& (NVcc„„S . I204I) It^i] 
&H2 0 5, 2 06 CM 1 O) <D5 — >»S-?-+t-P*LttJJ 
Uf7^202) „ liW#|s3^ft. 1*3ktf2* 
MIWltt2 0 8. 2 0 9 ir^-T ^>fc^lCffiffi^tt^ Q 
«»3#!3ffift\ ^K^T 1 CD 1 >Np CDfltt&jK 

K3felM»iaB«E4: f=» L Tf+W $ ftio 

a>/<»>i/i*u™*ffc 1 x»«tta- y 2 

1«) O^l^^l+m-t-^ (Xf7?2 1 O) e 
^vi^b-^lt 25fe^ — ><D2*@rc*;/cf^lS»4i 

a«f mft> 2*^— ><d»^i. 5^->"ett 

MS^i^ii^. S^tf>2. 3ft. ^1 9 9^bBR 

— >A<a«SttS (N$(f) 2 1 2MN S (2) 2 1 3 
i*N p {1)i^fl^L. N £ (3) 2 1 4^LK^N S (4) 2 1 5ftN 

[0 0 4 9] §2*SiMLt, t£I+^x*U—£ 

ft. #^«>«A<ftffi»T 1 T?«Sffll**i4=iTG)*<i:«*B 
ft. ^K(c*or*/<— **t«=iTC0M»(D*:* 
>^ft. 2**—>©tt(rtM«-r«- =iT5>—^K/< 

5f— >S«t^fcS+L-f >^^^>XCD»PCOp^fflft. 
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["Transformer with Controiled Interwinding Coupl in 
g and Controlled Leakage Inductances and Circuit U 
sing Such Transformer J tM£fot=.%zMffi$fM%iO 7 

/7 5 9. 5 1 if, &tfgi«ic»yii*tiTi^ rpi 

ating Permeable Cores j £JH£ftfc:#H4$ SffM* O 8 
1c s v~ ;u K/** — >l*W»i=fBH*ft % ;fMW>#* 

[O0 5O] □VA-^^x^u-^lj;, ^EEt£<ft* — 
>8fe<Di£ (Np /Ns } Xtfl*»2*y>e>y«* 
<7>iBifc<h LT, ^ln>f>-y-C r (3 6. HI 1 O ) \Z 

-c r fflm±mm<Dmfim&0)mmT*&& o is 

[005 1 ] CCOilH-. 
^«g*«JS Cft&tf>ffil£. I^A^lE^t/ 

(MI#600KH 2 M1, 2MHz) 
^asAtt*i:r^a^L^rmi=:^i: £ft&^il^ 
Sc r (i2 2 8ffl) OiSfcHlSWSi^-B Ur^^2 

2 6) a miXz3i/s\—5tti£imt)&umx^>/<—$m 

(«*Ji. ifW^^tc^i^;^ [1/2] 

0%<Z)«|ttlf4LLK_.S-0r Ifil»<7>#«JS;|£»0> 1 O%0> 

6 0<D*«8«©»3MBRS ft S {« K a C r (1 ) - C 
r (6) . 2 2 9-23 4), 
[0 0 5 2] 3>y<— *i?x*U-» *(£. #H=i>T r > 



L T fcf - £ « SK S ft L R o C CD j i £ Fir S St *: D c ttj A 
ftfc=j>/^— ^**ttl*Tt^£ttP 0 yt ) £J£R-r£C 

fi£l*«^:liai:5S:S. JtfE^Jlc&^T. 125?*— ><D#fi 

6^0>te££:frr&o C<7>«fc5lc. 8-3<DJt«r& 1 
MA 2 8 8 £>*|f F$ (3 6x8) A^JSsSFftSo 
S8Lfctt (Xir^^l 7 2. B9) . 3>/<— * vx 

(Df^^t/DFWO , 12 4 4, 2 4 6 «?> <hffi*7^ 
*SBS (Lout ^t^Cout . 1248. 2 5 01) £££ 

ut7^i 7 4) a «/h«EE5e»tB*»a»i±, 

5 2) c m^^-f^*^^ (Lout StfCout > 
( 1 ) m*#*^ (i±S*«J3E<0^B*ftfcffifc*J L 

r*»fte«©**«t±*«r«=«ft%ft5a>^>^(0 

f^f^iLTM^^ (2) Lout ^> Cout t 

ffi^-^Sftr. w»;b—^»«(DSfiiMom^: coffin 
-tt-rsmA^w;^ ^u— > na sat* 1=4:4* 

[0 0 5 5] Mt\ ht/-0»a*^jL4t. tt^rftUff 

fifflB5*ft4o 3 OCDi(|^ftfrf4. 1) LLF 

L : ^^^>. (i^A^tE, S^tij^m 

A) . 2) HLFL : ^5^>, ^^1^ {M^A^^ 
E , i^fflASA) . 3 ) N L N L : ^^^^ ^ 

itif CAA«ES6H(D5 0%, M^djA^A<^7 5%) 

[oo5 6] i^-mii hu-r>a5p a p N as asses. & 
*7-f^«fl**fc) #«a M/^>«fa^»Lr. 

K »25 6HI 01 5&tfB 16), (Qreset 2 5 
7, Creset 2 5 8. 12 5 9, 2 6 Of^tt) U 
7 f-Sl lElfe^iESTD 2 0. eib-f>***>X 
<Lmag) 2 6 6(Dif<©<B*l*^«AimiJi*»/h4:-r 

4^ »*l=BILr»ai:ft*A^ ft*jau-r 



(12) 
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& (X-f^l 7 6) 0 l^ifJItStSie, (Stt 

«*at;x-<^-^>y*3fe«)iai**<#ii**L4 0 x^ 

f^'Ql (PSW) l:«t*l*lt [ (Q15 x 

(KL-O^V-xmEE (v c oss ) tf)2§£) x (K# 

JH$:i£ ( f c ) ) I ^2^©1 (z^LO. -T^t)^. 
PS^= 1 /2 C 0 ssV c _oss 2 f c 

□ X^^f^i* (PSW) 4rft*-tfOT?*4 4:* % Q 

Pl^-T&fctof::. v c oss &££c oss (c*ua v c _,oss 
<J>m%iT*fo£>) It. Q 1 3&<*->«t3S*t*lCiE5tfc:SfJE 

aFtbS^S^fc-Sc ^i^^O reset it>tt^Q 
1 £fl>JWa>S#IH] (rzVS ) MOSFET^'yfQ 

1 <?>C0SS VfclEJfiBfcg®!;: (non-diss ipati vely 

Q 1 &%->htJi&mffl-Z:Vc_Qss A<-tfDT*fc 

[005S] rzVS f*. 2^(O*3tf4C0SS *Mt**£ 

ti , t2 ***** B#BSliai»ti f*. mt-OtW*^ 
X (L mag 2 6 6) <h 1 3fcJ53t;K#l-f 

[0 0 5 9] «.=i>/^-»^«lSlC»LT«*5S**A<« 

/hi ft $ffi»iElx : »cDjfi£-i* i: Q 1 fc y -tr h Httfc S 
8, H9) . 1 S&teMlcfclNT. n>/\*— ^ yx^U- 

^178' . H13) . C <7>ffl^. X^U— h 

jt*srt& B te^— x:?u— fiamigia. l 
[ooeo] i oj^±<Dfflj^^<^x^r^^^jija'rtL 

l*\ £ i/i^b^lt (E f f . 12 6 

8i) tU-K^-fA (LT, §127 Ofi) £fi§fe (S5 

2 7 2^1) <^f$I14 (^PSC0P^1<D¥^B#P K 1MTB F, * 



2 7 4ti) k£^&mf&<Dmmm<z>&*$;nmL ex 

iBi ft (Af7^l82) 0 KDHife 

I** *&*(:: 8 0%fl>M^-tWltJi.o«|»l=2 0%<DM^ 
[006 1 ] 3>/\^yx^b~^li *fc N ^gfiA 

JL-*ffllfltt* R^«g7l/»*#-f > hJISItt 2 O K 
H z £-rS<k5f3»iR$*U SlgfUMh 
zTf 4 0 d Bt Lfcy. 36/ tr>T~vc7>A^^jtU 

too62i =i>/<— ^> + x^b-^i acrcwfflnsiis 

Uf7^2 8 2) . (BOM) £ 

£j£lT-£ (Xf 7^284} Q a>/\~£i>x*U~~ ^ 

^-ffC^LTDACI 3 4 (§6) WMRPvX 
f A 1 3 8 

to o 6 3] mcpmrnm 

nf^jsxikea. aase***^, **i&stt^<Dfl&© 
to 0 6 4] m<j>mmmtLx, 1 k cei 

*a«*-f x<ott*=i>A— *irffla-r*o a.— iff*, 

vxl-;w \ V-i^fz rtibiAt; c i: ^J&S L fc y , n> 
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